Heart rate, central venous pressure, radial artery pressure and electrocardiograph were recorded in 14 patients undergoing carotid endarterectomy under general anaesthesia supplemented with fentanyl and halothane and muscle relaxation as required. Induction of anaesthesia was followed by a significant reduction in systolic arterial pressure and a rise in central venous pressure (CVP). Thereafter CVP did not vary significantly and heart rate did not change significantly at any stage. After internal carotid artery occlusion, mean systolic pressure at one minute, 143 (SD 17) mmHg, and three minutes, 160 (SD 27) mmHg, were both significantly higher than prior to occlusion, 132 (SD 17) mmHg (P < 0.01 and P < 0.002 respectively). Similar significant changes occurred in diastolic pressure after carotid occlusion (P < 0.02 and P < 0.002 respectively). The restoration of flow through the internal carotid artery in patients operated on without a shunt was associated with a signUicant reduction in mean systolic pressure. The mean systolic pressure at one minute, 145 (SD 20) mmHg, and three minutes, 135 (SD 19) mmHg, were both significantly lower than that before restoration offlow, 159 (SD 17) mmHg (P < 0.02 and P < 0.05 respectively). Changes in mean diastolic pressure in this group at these times, while in the same direction, were not significant. The observed hypertensive response to carotid occlusion may assist in preserving cerebral perjilsion while the internal carotid artery is occluded, but may be hazardous for patients with ischaemic heart disease.
and surgical literature,I-3 and attention has been drawn to the implications they hold for outcome. 4 Cardiovascular responses to induction of anaesthesia, laryngoscopy, and endotracheal intubation, as well as to many surgical manoeuvres, have been reported,5.6 including the bradycardia and hypotension which have long been known to be associated with dissection in the region of the carotid smus.
Optimum levels for the arterial pressure during the period of carotid artery occlusion have been suggested, 7 and the cardinal role of the maintenance of systemic arterial pressure in the protection of the brain emphasised. 8 In spite of this emphasis on the arterial pressure during this operation any acute cardiovascular responses which may occur in response to the cross-clamping of the carotid artery have received scant attention in the literature, and any responses to the re-establishment of carotid flow have received less.
This study was undertaken to investigate whether the occlusion of the common carotid artery during carotid endarterectomy and the re-establishment of internal carotid flow, either through an intraluminal shunt or in the endarterectomised artery, are associated with any acute cardiovascular responses.
PATIENTS AND METHODS
The study was carried out in fifteen consecutive patients undergoing elective carotid endarterectomy anaesthetised by the authors. One patient was withdrawn from the study because the carotid sinus was blocked with bupivacaine prior to cross-clamping of the carotid artery following recurrent hypotension and bradycardia in the early stages of the operation. There were eleven men and three women with a mean age of 69 years (range 61-78 years).
Ten patients had hypertension for which nine were taking medication at the time of surgery. All patients had angiographic evidence of bilateral carotid artery disease. The severity of the disease on the non-operated side ranged from 'mild' in two patients to complete obstruction in four. One patient had undergone endarterectomy of the contralateral carotid. The indication for surgery was transient cerebral ischaemic attacks in twelve cases, previous cerebrovascular accident and severe bilateral stenotic lesions in one patient and a history of blackout with a carotid bruit and angiographic evidence of stenosis in the remaining patient.
The patients were premedicated with pethidine 50 to 100 mg and atropine 0.6 mg intramuscularly one hour before induction. An intravenous line was established, a 20-gauge cannula was inserted into a radial artery and a central venous line was inserted and its position in the superior vena cava confirmed radiologically. The radial artery pressure and central venous pressure were monitored using Bently Trantec pressure transducer model 60-800 (A.H.S. Corp., Santa Ana, Ca.) connected to a Kontron 128A Critical Care Monitor (Kontron Instruments, Everett, Mass.) with continuous recording of the output using a Graphtec Linearcorder Mark VII (Graphtec Corp., Tokyo, Japan). CVP was measured from the mid-axillary line. The electrocardiograph (lead 2) was also continuously recorded. Thiopentone and fentanyl were used for induction of anaesthesia, and alcuronium for muscle relaxation. Endotracheal intubation was performed after the larynx had been sprayed with 4% topical lignocaine, 4 ml. Anaesthesia was maintained with nitrous oxide and oxygen supplemented with fentanyl and 0.5 to 1.0% halothane as required. The total dose of fentanyl was 150 to 350 Ilg.
The patient's ventilation was set to maintain normocarbia or mild hypocarbia. Blood gases done in 13 patients revealed arterial carbon dioxide tensions in the range 34-43 mmHg.
Arterial blood pressure was maintained at or slightly above the patient's resting preoperative level. To assist in this aim ten of the patients received increments of metaraminol 0.2 to 0.5 mg intravenously in the interval between induction of anaesthesia and the commencement of surgery.
The decision whether to employ a shunt during the period of carotid cross-clamping was made in accordance with the usual criteria of the surgical unit. 9 That is, a shunt was used if the mean internal carotid back pressure (I CBP) was less than 50 mmHg, if the other internal carotid was completely occluded, or if the patient had previously had a cerebrovascular accident. Nine patients met these criteria and in seven a Javed shunt was used. In two it was not surgically possible to insert a shunt. Arterial pressure, CVP and the electrocardiograph were recorded before induction of anaesthesia, before incision, before measurement of the ICBP, before application of the carotid cross-clamp, and Anaesthesia and Intensive Care, Vo!. 15, No. 3, August, 1987 one minute and three mi n u tes after application of the cross-clamp. In six of the seven patients in whom shunts were used recordings were made immediately before the shunts were unclamped and flow through them established, and at one and three minutes after unclamping. In the seven patients in whom no shunt was used recordings were made immediately before unclamping and at one and three minutes after flow was re-established in the e nda rte recto m ised vessel. In order to examine the stability of the systolic and diastolic arterial pressure in the period during dissection of the carotid artery, these pressures at five and ten minutes before measurement of ICBP were read from the records retrospectively and compared with the readings before ICBP measurement and before carotid occlusion. Results are quoted as mean values with standard deviations. Statistical analysis was performed using one-way analysis of variance and significant differences were isolated using planned comparisons. Non-parametric data was compared using the sign test for matched pairs.
RESULTS

Heart rate
There was no significant difference between the mean heart rates at any of the times of measurement. 
Induction of anaesthesia
Induction of anaesthesia was associated with significant reduction in systolic pressure from a mean of 168 (SO 40) to 122 (SO 14) mmHg, P < 0.001. There was a corresponding reduction in diastolic pressure which was not significant.
There was a marked rise in mean CVP from before induction of anaesthesia, 0.7 (SO 5.5) mmHg, to before commencement of surgery, 4.2 (SO 5.5) mmHg, P< 0.001 for the comparison. Analysis of variance displayed no significant difference between the mean CVP measurements at any stage after the induction of anaesthesia.
Response to carotid occlusion
Relative to the mean systolic pressure immediately before application of the cross-clamp, 132 (SD 17) mmHg, the mean values at one minute, 143 (SD 17) mmHg, and at three minutes, 160 (SD 27) mmHg, after application of the clamp were significantly higher, P< 0.01 and P< 0.002 respectively (Table 1 and Figure 1 ). After application of the cross-clamp the diastolic pressures at one minute, 78 (SD 11) mmHg and at three minutes, 87 (SD 17) mmHg, were significantly greater than that prior to application of the clamp, 73 (SD 12) mmHg, P < 0.02 and P < 0.002 respectively. Of the 13 patients in 10 the systolic pressure one minute after application of the cross-clamp exceeded that before its application by amounts ranging from 2 to 35 mmHg. In one patient there was no change and in two it was lower by 2 and 10 mmHg (P < 0.05). Three minutes after application of the cross-clamp the systolic pressure exceeded that before cross-clamping in 12 of the patients by amounts ranging from 3 to 70 mmHg. In one patient it was below the level prior to cross-clamping by 15 mmHg (P<O.OI).
Response to unclamping the carotid 1. In patients in whom a shunt was used (Table 2 and Figure 2 ) mean systolic pressure was lower at one minute, 142 (SD 26) mmHg, and three minutes, 134 (SD 18) mmHg, after than that immediately prior to release of the clamp, 145 (SD 28) mmHg. However, these differences were not significant. The systolic pressures measured one minute and three minutes after release of the clamp were lower than those measured prior to its release in four and five of the six patients respectively (P< 0.15 and P< 0.05). (12) ( Table 3 and Figure 3 ) mean systolic pressure was significantly lower at one minute, 145 (SD 20) mmHg, and three minutes, 135 (SD 19) mmHg, after the carotid was un clamped than that prior to release of the clamp, 159 (SD 17) mmHg (P < 0.02 and P < 0.05 respectively).
In patients in whom a shunt was not used
The systolic pressures recorded one minute and three minutes after release of the clamp were lower than those measured prior to release in six of the seven patients (P= 0.054 for both comparisons). The mean diastolic pressures at both one and three minutes were lower than that immediately before release of the clamp both in those patients in whom a shunt was used and those in whom one was not, but not significantly so (Tables 2 and 3) .
Retrospective review
The retrospective comparison of mean systolic and diastolic pressures at ten and five minutes before ICBP measurement with those immediately before ICBP measurement and immediately before the carotid cross-clamp was applied revealed no significant differences (Table 4 and Figure 1) .
No patient in the study suffered a neurological complication or a myocardial infarction.
DISCUSSION
The anaesthetic technique used in this study involved the intermittent administration of fentanyl and has been the usual technique used by the authors for carotid endarterectomy. A more constant depth of anaesthesia would be achieved if fentanyl were given by infusion. The finding of no significant difference in arterial blood pressure ten and five minutes before ICBP measurement compared with that just before ICBP measurement and that just before the common carotid artery was clamped strongly supports the view that the significant rise in arterial pressure which occurred after the artery was clamped was a specific response to occlusion of the artery and not due to changes in anaesthetic depth. The lack of a significant change in heart rate throughout the whole procedure further supports this interpretation.
Measurements of cardiovascular variables during carotid endarterectomy have previously been reported in only three papers. In each the changes observed in response to carotid artery occlusion were consistent with those reported here. Tyden et at. in a study in six patients reported a mean increase of 12 mmHg in mean arterial pressure one minute Foun-Chung et al. in a study of twelve patients operated on under hypocarbic general anaesthesia with the use of a shunt found a direct correlation between shunt blood flow and the rate of rise of arterial pressure after carotid occlusion. No absolute values for arterial pressure, the magnitude of the rise nor its time course were given. 12 Bailey and colleagues noted that mean arterial pressure fell from a mean value of·14 7 mmHg halfway through the period of carotid occlusion to 115 mmHg just before the end of the anaesthetic. I I Tyden and colleagues recorded a lower mean arterial pressure after endarterectomy (mean value 74 mmHg) than one minute after carotid occlusion (116 mmHg), but did not comment on this aspect of the study. IQ The findings of the present study indicate that the changes which follow carotid occlusion are reversible and temporary.
There are several possible causes of the changes observed in the present study. The most likely explanation is that after the common carotid artery is clamped the carotid sinus is exposed to lower pressure than previously, leading to reduced traffic via the sinus nerve and glossopharyngeal nerve to the brainstem resulting in increased vasomotor tone. IQ This has long been the accepted explanation for the rise in blood pressure caused by carotid occlusion in laboratory animals. 13 Angell-J ames and Lumley suggested that postoperative hypertension could be explained by damage to the carotid baroreceptors, carotid sinus wall or the sinus nerve, resulting in a diminution of baroreceptor nerve activity and thus a reduction of reflex inhibition of the vasomotor centre. 2 There are other possible explanations for the hypertension following the cross-clamping. It might reflect altered input to the vasomotor centre from higher centres, including the hypothalamus, in response to relative ischaemia. 14 A third possible explanation would invoke the secretion of renin. Whether changes in carotid sinus pressure influence plasma renin activity in laboratory animals appears to be a matter of controversy.15,16 It is possible that the responses observed in the present study are dependent upon the use of this particular technique of anaesthesia. Now that isoflurane is available in this country it remains to be seen whether the same responses are seen when it is employed for this operation.
Elevation of arterial blood pressure in response to carotid occlusion during carotid endarterectomy is probably beneficial in maintaining cerebral perfusion while the artery is clamped. Fourcade et al. demonstrated that elevated systemic blood pressure is associated with increased ICBP. 7 It is worthy of note that many patients presenting for this operation have ischaemic heart disease. In them systemic hypertension may be associated with acute myocardial ischaemia. While no clinical evidence of such ischaemia was observed in this group of patients (all had at least one postoperative electrocardiograph) it seems prudent to monitor a left ventricular lead during this operation -a practice adopted by the authors since this study was undertaken.
